A knowledge of the actual positions of atoms 1n a stepped surface may be useful in the understanding of the catalytic properties of stepped surfaces. Up to now, most of the work on stepped surfaces has been exper1-mental.
In this work, we try to answer theoretically this simple question: where do the atoms on a stepped surface actually sit?
We present calculations of surface atom displacements for Ar, a noble-gas solid, and NaCl, an alkali halide.
.· 0 0 0 ~) 0 -3--The equilibrium structure of a stepped surface 1s determined by minimizing the surface energy of a step as a function of surface atom positions. We chose Ar and NaCl because both have closed shell electronic configurations so that only pair potentials enter into surface energy calculation, and the forms of these potentials are relatively well known.
II. CALCULATION FOR Ar
For this calculation, we have chosen the stepped surface corresponding to cubic Miller indices (1, 0, 11) of the face-centered~c~bic structure, as showri in Figure   la .
The surface is infinite along the 9 direction. (2) Take every atom m that has(x,y,z)coordinates within A the bounds defined by the repetitive unit (-z is the direction into the bulk), compile the difference (Um-U).
(3) The summation L (Um-U) is the surface energy per m repetitive unit of the step, or simply, the step surface energy S. The quantity S is computed by direct lattice sums; it can also be defined as the surface energy per two-dimensional unit cell. Since the Lennard-Jones pair -. 0 0 0 9 potential 1s rather short range, the bulk value U converges to its exact value to a very good ~pproximation when the sum is carried out only up to the set of ten nearest-neighbor.
In evaluating S, only the atoms 1 that are within the tenth nearest neighbor shell of a surface atom are allowed to contribute to the difference (Um-U).
The calculated value S for the (1, 0, 11) single '-14 step (Figure la) Hitherto, the atoms have not been allowed to relax.
We expect in general very little relaxation in solids with
Lennard-Janes pair interactions.
-12 .
An r repulslve patential resembles very much a completely "vertical" hard
core. An exactly impenetrable core means no relaxation whatsoever, since even in the bulk the atoms are located core-to-core. If we include only nearest neighbor interactions and a Lennard-Janes potential, we obtain very small relaxation parameters. These are quoted in Table 1 Table 1 also to change sign if one were to
include pairs up to the tenth nearest neighbor 1n the calculations £or (1, 0, 11). The magnitude of these displacements are, however, still on the order of 1% of the step height, and therefore negligible. 
III. CALCULATION FOR NaCl
The appropriate ion-ion pa1r potential needed for the computation of surface energies 1s:
where r .. is the displacement vector directed from ion Nl] ~to i, q., q. are the respective ionic charges and p., surface. We use the convention (+) sign for the outward normal and (-) sign for the normal pointing inwards, into the crystal. Our computation for ~Ci shows that its value for an ion in the second layer has dropped to 1% of that for a surface 1on. I r. ·Is
Here Pj takes on the value P+ or P depending on whether
i is a surface Na or Cl lon. The symmetry of a (0, 0, 1)
surface renders the first term in Eq. (4) zero when summed over all Burface j's. Therefore, ED. is again parallel t6
"" l the surface normal.
(3) With a+ and a_ as the electron polarizability of Na+ and Cl-respectively, the dipole moments are obtained by solving the coupled implicit equations:
with fc and ~D as glven ln Eqs. (4) and (5) respectively. ... + Table 2 .
The surface ion displacements are shown in Figure 3 and tabulated in Table 3 . A dipole layer is again formed on the terrace of the stepped surface. The displacements at the corner sites (1 and 12) result in a shrinking of the step height by about 10%. Whereas the Na+ displace essentially inward, the Cl-on the terrace displace almost parallel to the terrace; therefore, the geometry of the displacements differ strikingly from that of the induced dipoles shown in Figure 2 , the dipole interaction accounts The exponential form may also be used. Whichever form is used, its value and slope at the bulk equ~librium nearest neighbor distance R 0 is determined by the experimental bulk modulus; see Ref. (9) . .
15.
A detailed review and bibliography for cohesive energy calculation is given by M. P. Tosi, Solid State Physics, .!. §._, 1 (196'+) . -24- surface in units .of a step height (a/2). Table 2 Induced electric dipoles on the unrelaxed NaCl surfaces:
(1, 0, 11) and (0, 0~ 1). Table 3 Displacement of surface ions in the NaCl surfaces:
(1, 0, 11) and (0, 0, 1) in units of the step height (a/2). 
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